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The Production of Paraffin  and  Paraffin Oils.” 
By RICHARD HENRY BRUNTON, M. Inst. C.E. 

IN 1830 the  attention of chemists  was  directed  to  a  semi-trans- 
parent,  white,  waxy  substance,  said  to  have been extracted  from 
wood tar.  The  priority of its discovery is generally conceded 
to  Reichenbach,  a  German  chemist  born at  Stuttgart  in 1788. 
But Dr.  Christison of Edinburgh,  about  the same  time and  quite 
independently,  extracted  a  portion of the same  substance  from 
Rangoon  mineral oil. I n  1835 Dumas, a  French  chemist,  obtained 
the  wax from coal tar ; and  these discoveries  were the subject of 
much  chemical  investigation for many  years.  But  its  production 
in  larger  quantities  than  as  a  chemical  curiosity  did  not occur 
until  after 1850. Dr.  Lyon  Playfair  states  that,  prior t o  that year, 
the specimen kept  in  the  University of Edinburgh  weighed 4 oz. 
only,  and that  he  had  never seen a piece of greater  weight  than 1 oz. 

To Dr.  James Young, now of Belly in Renfrewshire,  belongs the 
credit of rendering  this  wax,  and  the  other  substances  with  which 
it  is found in combination,  obtainable in merchantable  quantities. 
James Young, born of humble  parents,  and  brought  up  to  the 
trade of a  carpenter,  devoted, in  his  early  years,  the  spare  hours a t  
his  disposal  to the  study of chemistry. He. afterwards  attended 
the classes of Professor Graham  in  the  Andersonian  University of 
Glasgow, and  eventually became an  assistant  in Professor  Graham’s 
laboratory.  While  here  he  laid  the  groundwork of a sound 
chemical  education,  and  only  left t o  become manager  to  a chemical 
manufactory in Liverpool. It was while in this  employment  that 
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Dr. Lyon  Playfair,  with whom he  had become acquainted while a t  
Professor Graham’s, called his  attention  to  an oozing of petroleum 
through  the  top of a coal working a t  Alfreton in  Derbyshire. 
This promising to be a successful field for  operation,  he  resigned 
his employment, and,  with  the  aid of a partner, commenced to 
refine and  prepare for sale  the petroleum here discovered. From 
this  he succeeded in  extracting a notable  quantity of wax, and 
produced a light oil for burning,  and a  heavier oil which was 
used for grease-making and  lubricating purposes. His operations 
were commenced in 1848, but  had  not been continued for any 
time  until it became evident  that  the  quantity of petroleum a t  
command was very  limited ; and,  after a couple of years’ successful 
working, the  supply  entirely  dried up. But  during  this period, 
while  the source, from which a. lucrative  and  highly  important 
business had been formed, was  gradually  diminishing,  his  thoughts 
had been led towards  obtaining artificially a substance of the same 
nature. 

The direction his experiments took was  towards a repetition of 
the  natural process by  which  he believed this petroleum had 
been produced. Above the coal working,  through  which  the 
petroleum dripped a t  Alfreton,  was  a layer of sandstone ; and  he 
imagined that  certain vapours had been evolved from the coal by 
the  gentle  application of some heat,  which,  passing through  the 
sandstone, had become condensed into  liquid,  this percolating 
through it into  the working. Following  up  the idea, he applied 
very  gentle  heats  gradually  to coal placed in  close vessels, the 
vapours  given off being passed through a series of condensing 
pipes, and a  liquid was so obtained bearing a close resemblance 
to  the  natural oil. The  distillation of coal prior  to  this period 
(1848-9) was conducted at  high  temperatures for the production 
of gas, Mr. Young being the first to  attempt  it  with  the ostensible 
object of obtaining  liquid products. 

The process was patented  in 1850, and  the  validity of this  patent 
has been the subject of lawsuits  both  in  England  and  in Scotland, 
which have been decided in  his favour. Instead of a permanent 
gas, he, by  the  gradual  application of a gentle  heat, produced from 
coal a gas condensable into  an oleaginous liquid, different and 
distinct from any substance  previously  obtained from coal.  De- 
scribing  the effects produced by Young’s process in  the  destructive 
distillation of coal, a celebrated  chemist  says, this oleaginous 
liquid “ is not educed from coal as  a separate substance, but  is  the 
product of the distillation. It is actually formed, created as it 
were, by  the process to  which  the  material is subjected.” 
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On being  put  through  certain processes of rectification it yields 
oils  which  are  fractionated  into different gravities,  the  lighter 
portions  being used  for burning  and  other purposes ; while  from 
the  heavier is extracted  the solid wax product. This wax,  when 
purified, is a colourless, tasteless, and odourless substance. It is 
remarkable  for its chemical indifference to other substances, neither 
acids  nor  alkalies  act upon it ; hence the name given  to  it, parrfin, 
derived from the  Latin words parum a$;nis. 

During  the  progress of Mr. Young’s experiments in 1848-9 the 
highly  bituminous  mineral  known  as Boghead, or  Torbanehill 
coal, was discovered. The value of this  mineral, composed of GO 
to 70 per  cent. of volatile  matters, 80 per cent. of which was 
carbon, 12  per  cent.  hydrogen, and 8 per cent.  oxygen,  was soon 
appreciated by him;  and  by  his process he obtained, from each ton 
of it, from 120 to 130 gallons of crude  oil; while, from the  best of 
the  other coals he  had  tried,  he  only obtained from 70 to 90 gallons 
per ton. The field having, in 1850, been leased to Messrs. Russel 
and Son, Falkirk, a notable  lawsuit  was raised by Mr. Gillespie, 
the  proprietor of part of it, in  1853, having  as its issue whether 
Messrs. Russel were  by  their lease, which specified the  raising of 
coal, entitled  to work this mineral, which  was averred to be of an 
exceptional  character, the  result  being  in  favour of the lessees. 

But  the  fact of its  having been adjudged a coal affected, in a 
measure, the  safety of Mr. Young’s patent. In one of the  trials 
before referred  to,  Dr. Penny of Glasgow, one of Mr. Young’s chief 
witnesses, having been mked,  whether De Buisson, in  his well- 
known specification bearing on this subject, c c  did not describe the 
distillation of mineral schistus a t  a low  heat,  and  obtain therefrom 
the  very  products Mr. Young  mentions in his specification ? ” 
replied : c‘ Yes ; but  he  did  not comprise coal.” Upon  t,he  delicate 
thread of the  Torbanehill  mineral  being a coal, therefore, seemed 
to  hang  the  validity of Young’s patent. 

since  the  working out of this  mineral,  in  about 1862, paraffin 
oil  has been almost exclusively  produced  from the  bituminous 
shales existent  in  the coal measures. And it is somewhat remark- 
able  that  De Buisson’s patent,  which  accurately described the 
material  now employed for the  production of oil, viz., mineral 
schistus,  should have  had  its claim to  priority disallowed, owing  to 
its not comprising a substance, viz., coal, now no longer employed. 
The oil-bearing properties of these  shales had been known for a 
long period. Mollerat, a distinguished chemist, writes in 1837: 
“Nature produces in  abundance a matter  which  has  yet been 
overlooked ; it exists in  vast  quantities  in  England,  and can be 
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produced at  little expense ; this  schistus  contains  an oil, which is 
extracted  by  distillation.” 

About 80 or 90 per cent. of the  shale  now worked is obtained 
from the counties of Linlithgow  and Mid-Lothian ; and it has been 
ascertained that  very  extensive fields of it still exist. I n  their 
report  the directors of one of the most  extensive companies 
employed in  the  manufacture of mineral oil, state  that,  in  the 
year 1879-80, they possessed, of unworked  shale, 6,660,000 tons, 
at depths  not exceeding 100 fathoms ; and  they express their belief 
that more, in abundance, is  to be obtained  when  required. From 
these shales, from 38 to 22 gallons of crude oil per  ton  are obtained, 
the  average between these  being  not much above one-fourth of the 
quantity yielded by  the Boghead coal. Notwithstanding  this 
comparative poverty of the  material  dealt  with,  the  limited  lia- 
bility companies, by whom the  manufacture is now carried on in  
Scotland, are  in a state of fair  prosperity. But  the excessive . 
production of petroleum in America threatens  their  continued 
prosperity. It was the success of Mr.  Young’s patent  which  first 
drew  the  attention of commercial men to  the oil wells of America ; 
and each year since, the production from these  has enormously 
increased. The  output of the American oil wells  which  averaged 
575,000 gallons per  day  in 1870, has now reached an average of 
2,850,000 gallons per  day ; and  the stock  raised  which is laid by, 
waiting for disposal, now amounts t o  over 500 million  gallons. 
The  manufacturers  in  this  country  are  further handicapped by 
having  to produce, by  artificial  distillation,  the crude. oil  which is 
produced by  natural agency in America. 

There  are  in  all  eighteen  establishments  in Scotland  for the 
production of paraffin oil:  the most important of these belongs 
to  the company which  in 1866 purchased the  works founded by 
Mr. Young, and is known  as Young’s ParaEn  Light  and Mineral 
Oil Company. The  total  capital embarked in  the  manufacture 
amounts  to S1,500,000. The  number of men employed, including 
miners, is 6,000. The  total  shale used per  annum is 1,036,000 
tons, from which is produced of crude  oil 34,000,000 gallons, 
equivalent  to  32.81  gallons  per ton. The  fuel consumed in  the 
operations amounts  to 400,000 tons. From each ton of shale  is 
also  obtained 100 to 200 gallons of ammoniacal liquor, from which 
is produced 13.84 lbs. of sulphate of ammonia, equivalent  to a 
total production of 6,400 tons  per  annum.  This is sold as a 
manure  at  from S18 to S20 per ton. 

By  the processes of purification, the following  products may be 
obtained from the  crude  oil;  the  average proportions are also 
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stated,  but  the  relative  amounts of these  are, of course, subject 
to considerable modification, according to  the desire of the  manu- 
facturer,  or the requirements of the  markets,  while  the loss has 
been much lessened by improvements in  the  distillation of t h e  
shale, viz. :- 

Gallons. Per cent. 
Gasoline . . . . . . . . .  85,000 being 0'25 
Naphtha . . . . . . . . .  1,955,000 ,, 5.75 
Burning oils . . . . . . . .  11,900,000 ,, 35.00 
Lubricating oils . . . . . . .  4,760,000 ,, 14.00 
Green oil . . . . . . . . .  85,000 ,, 0.25 
Solid paraffin . . . . . . . .  3,060,000 ,, 9.00 
Loss. . . . . . . . . . .  12,155,000 ,, 35.75 

34,000,000 100.00 
-- - 

Gasoline, the most volatile of the products,  can  be  made of specific 
gravities  ranging from 640" t o  680". The  lighter portion has been 
used with success instead of ether, for the production of cold by 
its evaporation, in  refrigerating  machines;  the  other portion is 
employed for carburetting  air, for the  illumination of country 
mansions, &c. As only a small  portion of gasoline is obtainable, 
and  as  the  system of using  carburetted  air for the purposes of 
illumination is becoming  extended, it is readily disposed of a t  
good prices. 

Naphtha, a light product, coming  between  gasoline and  burning 
oils, has a gravity  ranging from 700" to 760". Its abstraction from 
the  burning oils renders  them less inflammable. The  heavier 
portion is ubed for dissolving  the paraffin scale in the process of 
refining it. Some quantity is disposed of as a solvent  for caout- 
chow and gutta-percha,  but a large proportion of the production 
is consumed in the  ordinary open-air naphtha lamps. 

Burning Oils.---While in  many  establishments  only one quality 
of this is manufactured,  in  others it is separated  into  four qualities, 
having different  densities and degrees of safety,  as well as difierent 
odours and colours. These  are : 

(1.) Lighthouse  Oil.-The precise quality of this  varies some- 
what, according to  the desires of special  purchasers. The con- 
ditions, specified by  the  Trinity House, are  that  the oil  be not less 
than 810" nor more than 820" gravity,  at a temperature of 60" 
Fahrenheit ; its flashing point  is  to be not lower than 126" Fahr- 
enheit (close test); i t  is to  distil  between  the  temperatures of 
302" and 572", and  its  illuminating power is to be equal  to  that of 
the  best Colza oil, when  burned  in a Trinity  Argand  burner. . 

The Commissioners of Irish  Lights follow this specification, 
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while  the Commissioners of Scotch Lights accept an oil of a  lower 
gravity  and flashing point. Some lighthouse oils, intended for 
abroad have a flash point  as  high  as 150" Fahrenheit (close test). 

(2.) No. 1 Burning Oil, having a specific gravity  varying from 
804' to 808", with a flash point of about 100' Fahrenheit (close 
test). 

(3.) Crystal Oil, which is merely No. 1 burning  oil  after  having 
been subjected to  an acid and  alkali  treatment,  which removes from 
it a great portion of its colouring matter  and its odour. This  oil 
fetches in  the  market  about Id. per gallon more than No. 1. oil, 
but  the  treatment it receives reduces its illuminating power by 
about 10 per cent. When of good quality, it is almost  a perfectly 
clear, colourless liquid,  but it requires  the  greatest delicacy of 
manipulation  to  obtain it in  .this  state,  and a perfect freedom from 
any  impurity. 
(4.) No. 2 B,urning Oil, having a specific gravity of from 815" to 

820°, and a  flashing point of 90' to 95' (close test). It sells  for 
about lil. per  gallon less than No. 1 burning oil, being darker  in 
colour and  not so good an  illuminant. 

These distinctions  in  burning oils  belong chiefly to Young's 
Company, many  other makers preferring  to mingle the  various 
qualities  into one. This  generally receives a  final treatment 
similar to that described for crystal oil, and goes to  the  market 
under  various appellations. 

It will be observed that  the flashing  point,  or, in  other words, 
the  temperature  at  which  oil gives off an inflammable vapour, 
bears no uniform relation  to  its specific gravity.  To some extent, 
density does give  an  indication of the  volatility of an oil, but 
the  admixture of the  fractions of low-boiling points  has  the effect 
of reducing  thc flashing  point without  to a  corresponding  degree 
lowering its gravity.  Thus No. 1 burning oil, having a gravity of 
806", has a  flashing point of 100" ; while No. 2 burning oil, though 
heavier, flashes a t  93' Fahrenheit. In   the completing distil- 
lation of the purification processes, the low-boiling point fractions 
coming off at  the beginning, along  with  the heavy  fractions at   the 
end, go to make No. 2 oil, the  former  raising  the flash point,  while 
the  latter increases the  gravity.  The  intermediate  fraction goes 
for No. 1 oil, or, when  required,  an  intermediate fraction, within it 
more circumscribed range,  is  put aside for lighthouse oil. 

In the foregoing statement of flashing  points, the  temperatures 
giren  are those as ascertained by  the use of the  testing  apparatus 
designed by Professor Abel of the Boyal  Arsenal, Woolwich. 
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By  an  Act passed in 1879 the method of testing  peholeum, 
recommended by Professor Abel, superseded the old “ open test,” 
and became the  authorised  and  legal system. The  “open test,” 
with  the  somewhat indefinite directions  in  the schedule to  the 
Petroleum  Act of 1871, gave  such  widely  divergent  results,  in 
the  hands of different  operators, that it was deemed necessary to 
obtain a system  which should  be  simple and ’easy of manipulation, 
and should  provide against  unintentional  error  in  the  hands of 
inexperienced  operators. The difference of results obtained  from 
the old open test arose chiefly from the  interfering  action of slight 
currents of air, from the  unequal  rates  at  which  the oil  to  be 
tested  might  be  heated,  and from differences in  the size of the 
flame, by  which  the presence of inflammable  vapour is detected, as 
well  as  the velocity with  which it is passed across the surface of 
the oil. Professor Abel in  his  apparatus,  and  in  the  minute 
directions  which accompany it, makes provision  for these sources 
of error. To  prevent  the  disturbing effect of air  currents,  the 
test  was made a “ close ” one ; that is, the  oil is enclosed in a 
vessel, and a light is conveyed to a small  aperture, which is 
opened in  the  lid  when  the  test is to  be made. A  uniform rate 
of heating  the oil is secured as follows : A vessel 6 inches in  
diameter  and 6 inches deep, surrounded  by an  air chamber, 
contains  water  which  is  heated  by a spirit  lamp  applied below. 
Into  the  lid of this  the receptacle for  the oil fits, it being 2 inches 
in  diameter,  and  being immersed to  the  extent of about 18 inch 
in  the water. It is also surrounded  by an  air chamber, so 
that  there is an air space between the  water  and  the oil, by 
which  the  gradual transmission of heat  to  the oil is more per- 
fectly secured. A thermometer, having  its  bulb immersed in  the 
water,  is fixed on  the lid of the  water vessel, and one having 
its bulb  in  the  oil is secured to  the cover of the  oil receptacle. 
The  water is heated  to 130’ Fahrenheit before the commence- 
ment of the  experiment,  and  after  this,  notwithstanding  slight 
variations in  the size of the  spirit flame applied below, the increase 
of temperature proceeds at   the uniform  rate of 2’ per  minute,  with 
only  ordinary  attention. 

The  test flame is provided by means of a small  lamp,  which  is 
made either for spirit  or gas, and it is regulated so as to be, at  all 
times, about  the size of a pea. A small model is fixed on the  top of 
the  apparatus,  representing  the size of the flame, and is always 
before the eyes of the operator. By a mechanical arrangement, 
an  aperture is uncovered in  the  lid of the oil  cup, and,  simul- 
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taneously, the  small  lamp is tilted,  and  the flame placed in  the 
precise position, in  every  instance,  which is required for the dis- 
covery of the flash. Each  time  that  this  aperture  is opened and 
the flame placed over it, a mixture of oil  vapour and of air escapes. 
It was  thought  that  the proportion of air  in  the chamber might 
in  this  way become reduced, and so affect the inflammability of 
the mixed vapour  in  the cup. To provide against  this a small 
opening at  the side is uncovered and  shut precisely at  the same 
moment as  the  aperture a t  which the  test is made is opened and 
shut ; this allows for the admission of air to replace that  withdrawn 
along  with  the oil  vapour by  the  current caused by the  test flame. 
It is directed that  the oil cup must always be filled to  the 
same height,  and  that  while  the  experiment  is  being conducted, 
the  test flame is to be  applied after  the  rise of each degree of the 
thermometer, the flash being a momentary  bluish flicker. By  an 
intelligent following of the directions, the  apparatus gives  absolute 
uniformity of results, even when in  the hands of those  inexperienced 
in such operations. 

By  the  Act of 1871, the  standard of safety  was a flashing  point 
of  100O Fahrenheit, decided by  the open test.  From  the various 
experiments of Professor Abel, and from information  obtained from 
those connected with  the sale and  manufacture of the oil, he 
concluded that  his  apparatus showed the  oil  to flash a t  a  tempera- 
ture of 27" below that obtained by  the most approved methods of 
using the old test. Having  therefore recommended 73' as  the 
standard of safety  with  his  apparatus, it is so enacted in  the  Bill 
of  1879. 

The value Q€ the  burning oils as  illuminants,  as  has been indi- 
cated, varies considerably. Lighthouse oil has been the subject 
of extended  experiments, the  other oils being  all more or less 
inferior to it. Assuming  the  illuminating power of this  to be 
represented by 100, experiments  have been  made showing  the 
relative  values of the  other oils to be as follows :-No. 1 oil, 92; 
crystal oil, 83 ; No. 2 oil, 76 ; marine oil, which will be hereafter 
mentioned, 69. 

It may be regarded as doubtful, however, whether a lamp  has 
yet been constructed  which consumes paraffin oil to  the  greatest 
advantage.  Captain Doty, about  the  year 18G9, by  the  introduc- 
tion of his  burner,  first  drew  the  active  attention of lighthouse 
authorities  to  this  matter. Mr. A. M. Silber, Assoc. Inst. C.E., 
shortly  afterwards  energetically pushed certain  burners, designed 
by him, into notice, but these  were chiefly intended  for domestic 

Downloaded by [ University of Liverpool] on [14/09/16]. Copyright © ICE Publishing, all rights reserved.



188 BRUNTON ON PARAFFIN  AND  PARAFFIN OILS. [Minutes Of 

purposes. Great  and various improvements  have  recently been 
made on the old flat-wick burners  by Mr. Hincks, of Birmingham, 
and others.  Mr. Farquhar, of Messrs. Wilkins  and Co., Longacre, 
designed some important improvements on the  larger size of 
lighthouse  burners;  while Mr. James N. Douglass, M. Inst. C.E., 
has produced, for the use of the  Trinity House, a  series of light- 
house burners  which, as regards  illuminating effect and economy, 
equal  any others. It is unnecessary to describe the  slight dif- 
ferences of detail  which  are  all  that  distinguish  the  various 
types of burners  from one another:  the  general principles a t  
which  they  all  aim  are,  the admission of oil to the  top of the 
wicks  in  such  proportions  that,  without  congesting  the flame, a 
sufficient  vvlatilization  may be ensured;  and  the  regulation of 
air-currents  in such  volumes and  at  such velocities to  all  parts of 
the flame that a  perfect combustion of the  oil  vapours is secured. 
It is chiefly in  attempting  to fulfil this  latter  requirement,  that 
the differences in the  designs of burners  are occasioned; and it 
is most  probably in connection with it that  the defects in  existing 
burners, if they be not perfect, may  yet be found. A  somewhat 
extraordinary  fact,  which seems to  point  to defects, is, that  in 
the neweet type of burners, flames are obtained from colza oil, 
giving  an  equal or a greater  light  than those from paraffin oil. 

From  the  lighthouse  burners  in use previous  to  the  intro- 
duction of the  Doty  burner,  and of mineral oil in lighthouses, 
the flames obtained from colza oil  were of a power, in  standard 
sperm candles  consuming at  the  rate of 120 grains  per  hour, of, 
for  the four-wick  concentric burner, 270; for the two-wick con- 
centric  burner, 58; for the  Argand  burner, 14. And  the con- 
sumption of the  oil  was  such  that 1 gallon produced a light 
equivalent  to a  consumption of sperm of, in  the four-wick lamp, 
21&1bs. ; in  the two-wick lamp, 174 lbs. ; in  the  Argand  lamp, 
144 lbs. The  improvements effected by  Captain Doty, in con- 
junction  with  the use of paraffin oil, gave  the following  results. 
Illuminating power : fourswick concentric burner, 288 candles ; 
two-wick concentric burner, 80 candles;  Argand  burner, 24- 
candles. Equivalent of sperm t o  1 gallon of oil : four-wick con- 
centric  burner, 274 lbs.; two-wick  concentric burner, 27 lbs. ; 
Argand  burners, 27 lbs. The  primary results,  therefore, of the 
improved form of burner, were to  demonstrate a considerable 
advantage  to paraffin oil  as  an  illuminating  agent ; but  the more 
recently constructed lamps seem t o  diminish,  if  not  altogether to  
destroy, this  superiority. 
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The following average  results  are  said  to  be obtained from 
burners of Mr. Farquhar :- 

6 wicks. 4 wicks. 
Burning colza oil. . . 750 candles. 334 candles. 90 candles. 
Burning paraffin  oil . . 700 ,, 306 ,, 85 > Y  

2 wicks. 

From  the  Trinity House burners,  as  recently improved by Mr. 
J. N. Douglass, the following results  are recorded as  having been 
obtained :- 

ILLUIINATING P O ~ E R .  

Burning colza  oil . 722 candles. 328 candles. 82 candles. 23 candles. 
Burning paraffin oil. 730 ,, 330 ,, SO ,, 25 ,, 

6 wicks. 4 wicks. 2 wicks. Argands. 

EQUIVALENT OF SPERM TO 1 GALLON OF OIL. 

Burning colza  oil . . 26.76 lbs. 28.10 lb8. 25.77 lbs. 28.00 lbs. 
Burning paraffin  oil . 24.98 ,, 26.94 ,, 27’43 ,, 28.57 ,, 

6 wicks. 4 wicks. 2 wicks. Argands. 

Mr.. Douglass is of opinion that  the improvements he  has 
effected “have raised the power of light produced from colza 
to such a degree that this oil is now practically  equal  in  illu- 
minating power and consumption to  the  best  mineral  oil found in 
Great Britain.” 

It is right  to  add  that,  in  the  matter of economy, paraffin oil 
still unquestionably  retains  an immense advantage.  On  the 
presumption that  the  illuminating power and  the  rate of con- 
sumption of both oils are  similar, paraffin lighthouse  oil is now 
sold a t  from 8d. to lOd., while colza oil costs from 2s. 6d. to 3s. 
per gallon. But  on  the theory, which is a commonly recognized 
one, that   the efficiency of illuminants,  taking olefiant gas  as a 
standard,  varies  with  the  amount of carbon  contained in  an  equal 
volume of each, it would appear reasonable to suppose that paraffin 

1 “Report on  European  Lighthouse  Establishments.”  By Najor Elliot, 
8vo. Washington, 1874, page 88. 

The following  comparative  statement of sixteen hours’ trials,  with  colza  oil 
and Young’s lighthouse oil, consumed in  Trinity House Argsnd burners, is from 
results obtained by Mr. Douglass :- 

C o l ~ .  ParafBn. 
Maximum  intensity of light produced . . . . 100‘0  85.5 
Minimum  intensity at end of 16 hours’ burning . 81.8 66-9 
Percentage of falling off . . . . . . . . 18.2  21-9 
Consumption of oil per  lamp for 16 hours, in fluid 

Relative  quantity of light produced  per  gallon of 
ounces . . . . . . . . . . . . 42’1 34.0 

oil consumed. . . . . . . . . . , 100’0  103.0 
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oil  containing 85 per cent. of carbon, and its composition bearing a 
close resemblance to  that of olefiant  gas, would, if consumed to t.hc 
greatest  advantage, yield  much superior  illuminating  results  than 
the  much poorer colza oil, which  contains  about 76 per cent. of 
carbon. 

A burning  oil  already mentioned, known  as  marine oil,  made 
for consumption in lamps on board of vessels, or  in  the roof lamps 
of railway carriages, is considerably heavier  than  any  other 
burning oil, having a specific gravity of 845'. It does not flash 
until  heated  to  about 230" Fahrenheit  in a close vessel. Of course, 
in  this case, the Abel test is inapplicable,  owing  to  the  oil  in it 
being heated through  the  intermediary of hot water. This oil, 
specially  made for  safety,  is a tolerably  satisfactory  illuminant 
when  burned  in  lamps specially  constructed to  give increased 
facilities for the  supply of oil to  the flame. 

Lubricating Oils.-These are made of different gravities, the 
heavier  portions  being of the  greatest value. The  lighter  portion 
has a gravity of 865", being  only 20' removed from the heava- 
burning oil  above  mentioned, while  the common gravities  to  which 
the  other portions are  fractionated  are 875", 885', and 190". That 
of 865' gravity has too little body to be much  available for lubri- 
cating purposes ; it is therefore  made in  as  small  quantities  as 
possible, and is sold, at a  reduced  price, chiefly for the purpose of 
cleaning machinery. It is  an  oil  which  stands midway  between the 
burning oils on the one hand,  and  the  heavy  lubricating oils on 
the  other ; and is hence called an  intermediate oil. 

All mineral oils have  the  great defect, as  lubricants, of being 
deficient in body. The specific gravity of an  oil  bearing no 
uniform  relation  to its viscosity, i t  has become one of the most 
important  and  interesting problems for manufacturers  to discover 
the means whereby  this can  be improved. The  simple method, in  
practice, for testing  the viscosity of oil is by measuring  the  length 
of time a certain  quantity  requires  to  pass  through a very  narrow 
tube or pipette,  and by comparing this  with  the period occupied by 
a similar  quantity of a standard oil. Rape oil is  the  generally 
acknowledged standard,  and  its viscosity being  taken as 1,000, 
that  of the  best  qualities of mineral oil does not exceed 400, while 
many of the heavier  oils are as low as 250. Lubricating  mineral 
oils are, therefore, mixed with vegetable and  animal oils in  certain 
proportions,  and  the lowness of the price a t  which  these oils can be 
sold, viz., 8d. to 9d. per gallon, will  always be an inducement to 
mix  them, in  as  large proportions as possible, with  the more 
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valuable vegetable and  animal oils. As much as 20 or 30 per 
cent. added to these  oils is said  not to  deteriorate  their  lubricating 
qualities, but, in some particulars,  to improve  them. Mineral 
oils, a t  present, possess a peculiarity  which a t  once leads to 
their detection, viz., a bluish  tint, or,  as it is called, “bloom,” 
on their surface. Many efforts have been made to  get  rid o f  
this  by chemical treatment,  but  they  have been practically  un- 
successful, except at  the sacrifice of the colour and  brightness of 
the oil. 

A merit is claimed for mineral oil, which still exists when it is. 
mixed with  equal proportions of other oils, that  it prevents  any 
liability  to spontaneous combustion in  waste  or cotton saturated 
with it. Fatty oils absorb oxygen from the atmosphere, whereby 
heat is generated,  and a consequent considerable danger from 
fire arises. It has been determined by experiments that,  while 
cotton  saturated  with  whale  oil placed in  an air-chamber heated 
to  about 150’ Fahrenheit,  ignited in 14 hour; cotton, saturated 
with equal parts of mineral  oil  and  whale oil, would not  ignite  at 
all  under  the same circumstances. Mineral  lubricating oils may 
be  said to be perfectly free from danger,  as  they do not  give off 
a n y  inflammable vapour  until  heated  up  to 290°, or, in some cases, 
as much as 350’ Fahrenheit. 

Green Oil is obtained from the  distillation of a  portion of the 
tarry refuse : i ts  specific gravity is about 930, but it flashes at. 
2%’ Fahrenheit. It is used chiefly for the production of an illu- 
minating gas, by  its decomposition on coming into contact with 
the sides of a bright hot retort. It contains  about 38 per cent. of 
tar acids, principally carbolic acid, and 57 per  cent. of paraffin oil. 
Being so rich in  carbolic  acid, i t  is believed that it would be 
efficient for the preservation of railway sleepers, but it has cot  yet 
been tried for this purpose. 

Solid Parafin.-Paraffin wax, by  the methods  adopted for its. 
abstraction from the oil, is separated into  portions of varied fusi- 
bility.  That  having a  low melting  point is disposed of, in a crude 
or semi-refined state, for the  manufacture of matches; while that 
having a higher  melting point after  passing  through a process. 
of complete purification, is chiefly used for candles. It has  
recently been applied as a  protection to  surgical  splints, instead 
of plaster of Paris,  and is said to be very efficient. Small 
quantities  are used by brewers to  line  the inside of beer barrels, 
and  by  spinners  and weavers in  the manufacture of yarn  and 
cloth. The  melting  points of the more fusible paraffins  range 
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from 80” to 105” Fahrenheit; while  those of the refined paraffins 
range from 120’ to 130’ Fahrenheit. 

Paraffin candles, which  are  generally made with a slight ad- 
mixture of stearine or other substance, give a  clear smokeless 
flame. One pound of para6n produces an  amount of light  equal 
to  that produced by l * 3  lb. of sperm, when  both  substances  are 
consumed as candles. But it is considered that,  from  the composi- 
tion  and  purity of paraffin, the  light yielded by it when consumed 
in  this  way  is much less than it should be, and  might  be increased 
by improved  methods of manufacture of the candles, or  by a 
different mode of combustion. 

I n  Baron Liebig’s “ Familiar  Letters  on Chemistry,” 3rd edition, 
London, 1851, page 158, there occurs the following  passage :-“It 
would certainly be esteemed one of the  greatest discoveries of the 
age  if  any one could succeed in condensing coal gas  into a white, 
dry, solid, odourless substance,  portable, and capable of being 
placed upon a candlestick, or  burned  in a lamp.” I t  is claimed for 
paraffin that it not only fully  answers  this description, but  that 
it considerably exceeds the conditions specified, in  so far  that it 
is  pure olefiant gas  in a solid  form, and is converted into  this  gas 
when exposed to  great  heat;  burning  as  such  without  giving off 
any of those impurities  practically  inseparable from coal gas, 

MANUFACTURING PROCESSES. 

(1.) Distillation of Shale.-The improved  methods of conducting 
the  destructive  distillation of shale, introduced  within  the  last few 
years,  have  had a marked effect in  increasing  the  value of the 
products  obtained from it. The  crude  oil is now of such  a 
character that  its value is estimated a t  about I d .  a gallon morc 
than  by t.he older system,  and a  much  increased yield of ammonia 
is also secured;  and  this is accomplished simultaneously  with a 
saving  in  fuel  and  in  maintenance of plant  equivalent  to 1s. Gd. 
on each ton of shale  dealt  with.  The most generally efficient of 
the  new methods is that  known as the Henderson  system, which 
was  originally adopted by  the  Broxburn  Oil Company in  their 
works i n  Linlithgowshire, Mr. Henderson being  the  resident 
manager. He shows the following gain from the  working of thq 
system  after a full year’s experience,  assuming, rather  unfairly  to 
himself, the  yield of crude  oil  and  the  value of the products to 
be the  same  in both cases, without  taking  into account the  in- 
creased yield of ammonia. 
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PRODUCTS FROM RECTIFICATION of 100 GALLONS CRUDE OIL. 

From Henderson Retort. 
d. f S. d. 

Naphtha . . . 5.0 gallons at  4 = 0 1 8 
Burning oil . . 35.0 ,, ,, 4 = 0 11 8 
Lubricating oil . 18.0 ,, ,, 8 = 0 12 0 
Paraffin scalc . 1 0 ' 5  ,,  ,, 30 = 1 6 3 
Loss . . . . 31.5 ,, 

_I 

100.0 2 1 1  7 -- 2 3 8  

-- 

From Old Retort. 
d. f S. d 

5 gallons a t  4 = 0 1 8 
40 ,, ,, 4 = 0 13 4 
13 ,, ,) 8 = 0  8 8 
8 ,, ,, 30 = 1 0 0 

31 9 ,  

- 
100 2 3 8  - 

Increased value of 100 gallons. . . 0 7 11 or say Id .  per gallon. 
Reduced cost of distillation of shale . 0 4 6 or say &l. per gallon. 

Total gain . . . . -- equal to about lad. per gallon { of crude oil. -- 
The old form of retorts  (Plate 6, Figs. 2, 3, and 4)-a great pro- 

portion of which are  still  in use-is in some cases round in cross 
section, and 2 feet in  diameter ; and  in  others oval, 2 feet  by 1 foot 
4 inches, forming avessel 8 feet to 10 feet high.  From  six  to  eight 
of these are placed vertically  in a chamber, having  an arched furnace 
in  the centre, the heated air  circulating  among  the  retorts  after 
various methods. By means of a  hopper on the top, the  retort 
is charged without  the escape of vapour, and at   the bottom i t  is 
inserted  into a trough  containing  water, which forms a gas lute. 
The  vapours  are conducted away from the  top of the  retort, a 
current of steam being  inserted at  the bottom. In order to fulfil 
one of the  requirements of the successful distillation of shale, viz., 
that  the  heat should  be  applied gradually, a small  quantity of 
the exhausted shale is withdrawn  at  the  lute  at  the bottom every 
hour, thus  allowing  the  new  shale  to descend at  regular  intervals 
to  that portion of the  retort exposed to  the  greatest  heat,  the  charge 
and discharge of shale being  continuous in operation. 

The improved  Henderson retorts  (Plate 6, Fig. 1) are oblong in 
cross section, and 15 -feet long, each being capable of containing 
about 18 cwt. of shale. A set of four is placed in each chamber. 
The most important  feature is the method by which the fixed 
carbon, in the exhausted  shale,  estimated a t  12 to 14 per cent. 
of its weight, is utilized  as fuel. Below the oven in which ths 
retorts  are placed is a combustion chamber, and, by opening a 
mechanical door at  the bottom of the  retort,  the whole of the 
contents  drop  into  this chamber. At  first this mass appears 
quite black, but  in a short t h e ,  with  the assistance of a portion 
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of the incondensable gases from the shale,  which are  here con- 
sumed, it becomes a bright fire. I t s  combustion has also to  be 
assisted,  occasionally, by  tlle  addition of small  quantities of coal. 
The  great  advantage of this  arrangement  is  that  the fire is  not in 
immediate  contact  with  the  retorts ; they  being placed in  an oven 
above, through  which  the  heated gases circulate. The gases are 
conducted by a flue t o  the  upper  part of the oven, and  are  led 
off, as  they cool, by exit pipes at   the bottom. The construction 
of the  furnace  prevents  other  than a very  gentle influx of air   at  
any  time, so ensuring  the moderate and equable temperature 
necessary for the  advantageous  distillation of the shale. Each 
retort is charged once in  sixteen  hours ; those in  the same oven 
being  charged in  rotation, at  intervals of four  to five hours,  thus 
providing a regular  supply of fuel  to  the combustion  chamber 
below. The  vapours  are led off from the bottom o f  the  retorts, 
being  the  part exposed to  the  least  heat;  and in order  to remove 
these from the  regions of high  temperature as they form, and so 
prevent  their  being  split  up  into  lighter  or gaseous products,  a 
plentiful volume of steam is blown into  the  top of the  retort, 
which is previously superheated  to  the  temperature of the oven 
by  being passed through pipes ranged alongside the  retorts. 

The  temperature a t  which the distillation of coal was conducted, 
as recommended by Mr. Young, did  not exceed 600' or 700' Fahr- 
enheit.  But as shale  contains so much larger a  proportion of inor- 
ganic  matter, it requires  to be subjected to a higher  temperature. 
In practice a temperature of from 1,200' to 1,500' Fahrenheit, as 
ascertained by Siemens' Water  Pyrometer,  was sometimes reached 
in  the old retort,  the  furnace of which being  fired by coal, the 
temperatures were  necessarily unequal., It is believed that in the 
new  system  the most advantageous  results  are secured by a 
maximum  temperature of about 800" Fahrenheit. 

The  crude oil yielded  by  the  new method has a bright  green 
colour, and a gravity of  865'-875', as compared with  the  dark  tarry 
appearance and a gravity of 880'-895' of that from the old retorts. 
As has been shown, it contains 24 per  cent. less refuse, and  about 
24 per cent.  more paraffin. After rectification, the  heavy portions 
of the oil  are  found  to possess a  much  increased viscosity, adding 
greatly t.0 their value. 

The increased  production of sulphate of ammonia,  from 20 to 
30 per cent., is probably occasioned partly by the long continued 
exposure of the  shale  to a current of highly superheated  steam, 
in contrast  to  the  wet steam formerly employed, and  partly  by  the 
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continued  application of the  heat  after  the decomposition of the 
oil-producing  portion of the shale. 

In the process of destructive  distillation,  the nitrogenous  vapours 
are slow in coming off, and  are probably  obtained in  greatest 
volume after  the hydro-carbon vapours have been exhausted. 
Higher  temperatures  during  the  distillation no doubt  tend  to 
increase the yield of ammonia, but destroy the value of the oil. 
I t  may therefore be assumed that  an increased production is likely 
to ,be most profitably  obtained by  the  continued action of heat or1 
the  retort for some time  after  the removal of the oil vapour. 

The vapour evolved from the shale, amounting  to  about 3,000 
cubic  feet per ton, is led up  and down a series of seventy  to on0 
hundred  upright pipes, 4 inches in diameter,  fitted into a trough  at 
the foot. About  one-third of this  quantity,  or 1,000 cubic feet to 
the  ton, is by these means condensed, and  the liquors so formed are 
led  into a receiving. tank. These consist of about 75 per cent. in 
bulk of ammoniacal liquor,  and  about 25 per cent. of crude oil, 
which  separate from each other  without assistance, and  are 
pumped away  to undergo their respective treatments. 

Some quantity of the vapour remaining uncondensed is purified, 
and is used as  an  illuminant for the manufactory, or for neighbour- 
ing villages, giving a light equal to 25 candles. The  large  quantity 
of uncondensed gas  generally  still  remaining over, is in some 
casesLdirectly used as fuel in  the  retort furnaces, 1,000 cubic feet 
being  equivalent  in  heating power to  about 4 cwt. of coal. But, 
in  other cases, before consuming it in  this way, it is subjected 
to still further condensation. There  are  two methods by  which 
this is accomplished-one by a scrubbing process, the  other  by 
pressure. In the former the  gas passes up  through a tower filled 
with coke, similar  to  that used in  gasworks,  meeting, trickling 
downwards,  a quantity of heavy paraffin oil, with which the coke 
is saturated.  The oil takes  up  the  light hydro-carbons, and so 
attenuates  the vapour that its illuminating power is reduced 
to  about 0.5 of a standard candle. The  property of this oil to 
absorb  the  illuminating  constituents of the gas was accidentally 
discovered by a person who, to  prevent his wet gasmeter from 
freezing up, put  into it paraffin oil, with  the effect that  the gas, 
on passing through,  lost a great portion of its illuminating power. 

The  other method was designed by Mr. J. J. Coleman, F.C.S. 
By the aid of a large  engine,  two double-acting  pumps draw  the 
gas from the  retort condensers, and, compressing it to 100 Ibs. or 
120 lbs. per  square  inch, force it through  three  tubular condensers. 
The  two first of these are cooled by the circulation of water  through 
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the  outside of the  tubes;  but  the  third is cooled to 40' or 50° 
below zcro by  the expansion of the  gas which still remains uncon- 
densed. This, on its  exit from the inside of the  tubes of the  thirii 
condenser, is  under compression to  the  extent of say 100 lbs. to 
the  square  inch,  and,  by  its passage through  the condensers, has 
been robbed of all its heat.  By means of a spring valve the 
pressure is reduced to G5 lbs., and  the  gas  is  then used in a 
cylinder  assisting  to  drive  the machine, and  in so doing expands 
to 3.5 lbs. on the  square  inch, colcl being produced. It theu 
proceeds through  the  outside of the  tubes of the  third condenser, 
and effects the  final condensation of the compressed vapours, after 
which it is conducted to  the furnaces,  where it is consumed as fuel. 
By compression, about 13 gallon of oil is obtained  from 1000 cubie 
feet of gas,  while  by  the coke tower less than Q gallon is 
produced. But, on the  other  hand,  the coke tower produces the 
oil at the cost of only &d. per  gallon ; while  the expense of working 
the compressing  machine amounts  to 23d. per gallon. Pl'otwith- 
standing its greater efficiency in  the  production of oil, this 
machine has therefore  been entirely superseded, owing  to its large 
working expenses. The  liquid obtained by  these means is of a 
gravity  ranging  from 700 to 715, and  from  it,  after rectification, 
is obtained  the  product named  gasoline, in  addition  to a quantity 
of light  naphtha. 

(3.) Production of Sulphate of Ammonia-The ammoniacal liquor 
from the  distillation of shale is, owing  in a great nleasure to  the 
large volume of steam  blown through  the  retorts,  very  dilute, 
containing  only  about 2 or 3 oz.  of sulphatc  per gallon. 

I n  order to  exhaust  the ammonia  vapours from this  thoroughly, 
i t  is fed continuously  into a horizontal  boiler-still, from which the 
stronger  vapours pass off, and  the  partially exhausted water is at  the 
same time  led  into a second still of the same character,  where  more 
vapour is drawn off; the  remaining  water  being  eventually used 
as a feed for the boilers which  supply steam to  the  retorts, so that 
any ammonia it may contain is thereby not  lost. 

For  the production of sulphate of ammonia the use of sulphuric 
acid  made  from pyrites was not  until  recently considered advan- 
tageous,  owing to  the presence in it of arsenic and iron. But  by 
preventing  the  formation of crystals  while  the  neutralization of 
the acid is proceeding, and  by  allowing  time for the precipitation 
of the  impurities  in  settling boxes, an  excellent commercial salt ie 
produced. The use of pyrites acid effects a saving of over 2s. per. 
cwt. in the cost of the production of the  sulphate. A further  saving 
in  the same direction may be effected by the use of the acid re- 
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covered from the  tar,  after it has been used in  the first treatment 
Qf the crude oil. But it is alnlost impossible to  eliminate from 
this  entirely  the  tarry  impurities  which  are  liable  to discolour 
the  sulphate, so reducing its commercial value. 

A depth of about 6 inches of acid of a strength of 80" to 90" 
Twaddell is placed in a box lined  with lead, measuring 4 feet X 
3 feet X 2 feet high. The vapours from the two  boiler-stills are 
passed through  the acid, by means of perforations in a pipe  laid in 
the bottom of the box, and connected with  the stills. This pipe, 
serring  to  split  the  vapours  up  into a variety of small streams,  is 
commonly termed a " cracker." 

The passage of the vapour is arrested whenever an ammoniacal 
smell is discovered issuing from the box, and before the formation 
of crystals. But,  in order to ensure  perfect  fluidity, steam from 
fresh  water is blown through  the cracker," and  into  the  liquid, 
until  this smell has  entirely disappeared. The  liquor is then  run 
from the " cracker" box into a settling  tank, where, in  two or three 
hours, the precipitation of the heavy impurities is effected. It 
thence flows to a tank,  in which,  on its  being evaporated by 
means of a coil of steam-pipe laid  therein,  the  crystallization 
of the  salts is effected. The  crystals  are  then removed on  to a 
drainer,  and  after  being allowed to  dry for a week are stored  for 
disposal. 

The  sulphate of ammonia produced is equal  in  weight  to 70 per 
mnt. of the  acid used, having a strength of 90' Twaddell,  or  to 105 
per cent. of the brown oil of vitriol of commerce of 148" Twaddell. 
The cost of producing sulphate from the ammoniacal liquor  by  this 
process, including  the cost of acid taken  at 23. per  cwt. of brown 
vitriol,  amounts to about 4s. per cwt. 

(3. j' Distillation. of Crude Oil.-The first step  in  the purification 
of the crude oil is its distillation to dryness. This is accomplished 
in  stills,  having cast-iron pot-shaped bottoms, and capable of 
containing 1,200 to 1,400 gallons. The  distillation  is assisted 
by a volume of steam,  which is in  many cases superheated t o  
about  the  temperature of the boiling oil, and is, a t  a pressure of 
10 lbs., blown through perforations in  a coiled pipe, placed just 
sufficiently high  to be  clear of the coke which forms in  the bottonl, 
The  bars of the still furnace  are placed 5 feet 6 inches below 
its bottom, this being, in  some cases, protected from the more 
direct action of the flames by an arch over the fire, having a  series 
of openings in its sides, through  which  the heated air passes 
(Plate 6, Figs. 6 and 7). The  vapours  are condensed by being 
passed through a range of pipes, placed in a separate  tank for  each 
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still ; by  the circulation of certain  quantities of water, through which 
the  temperature can  be maintained a t  a point  suitable  to the  nature 
of the  distillate.  The condensed oil runs  into a receiving vessel, 
and  in  the  bottom of the  stills  there is left  an exceedingly pure 
vesicular coke, which can be disposed of for  from 15s. to 20s. per 
ton.  This comprises, in  the  purer  crude oils, from 4 to 5 per cent. 
of their  weight;  but  in those oils obtained by  the morc inefficient 
retorts,  from  similar shales, it amounts  to  as much as 8 to 10 per 
cent. Its extraction  has  the effect of giving  the  oil a brighter 
green t int;  hence, after  distillation, it is called, by  way of dis- 
tinction,  Green Liquor.” It also lowers its gravity from 1 2  to 
20 degrees. 

A danger connected with  this  distillation is the  choking  up of 
the condenser pipes by  the  heavy  fractions at   the end. The 
pipes  are  always  tested  by blowing  steam through  them bcfore 
commencing operations, and a  safety-valve, loaded to 6 lbs., is 
placed on  each still, from  which  a tube leads any discharge to a 
safe locality. 
(4.) First stage of PuriJication.-The oil, the  burning  oil portion of 

which will now be followed to completion, goes through  three 
stages of chemical treatment  and  distillation,  all of which, though 
differing  in  details,  are  similar  in  character. 

After  having  taken means for the efficient separation of water, 
which would seriously  interfere  with  the  treatment,  the  “green 
liquor ” is agitated  with  sulphuric acid. This  takes  up  various 
tarry  impurities,  which in combination with  it,  settle  to  the 
bottom of the  tanks  and  are  withdrawn. Various forms of 
agitating  tanks  are  in use. It was formerly considered that a 
thorough  agitation could not  be secured in vessels of a greater 
capacity than 500 gallons, but  this is now satisfactorily accom- 
plished in tanks of 8,000 and 10,000 gallons. Probably the 
most efficient form is a horizontal  cylinder 6 to 8 feet in  
diameter,  wit,h a shaft  running  through it, on which is placed 
a series of paddles, revolving between fixed disks.  A great 
saving of power is effected, and a  satisfactory agitation obtained, 
by  means, of air blown through a  perforated coil of pipe, placed 
in the bottom of the  agitator,  which in this case may be a 
round  tank 12 feet in  diameter,  15 feet high,  and  containing 
10,000 gallons. 

The  quantity of sulphuric acid used, and  the methods of 
applying it, vary  with  the  character of the oil, or, as  with 
the experience of the  manufacturer. An ordinary method of 
dealing  with an oil of average  quality is as follows:-The oil 
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is put  in  agitation,  and a quantity  equal  to 79 per  cent. of 
its  bulk of an acid, having a strength of  60" Twaddell, is mixed 
with it. The  agitation is kept  up for fifteen  minutes, one hour 
being then allowed for the  settlement of the  tar, which is drawn 
off. A precisely similar  treatment is repeated  for  a second time. 
The weak  acid employed in these two  preliminary  agitations, i s  
generally that which has been used in  the more advanced stages 
of the purification, and  with which is combined a small  quantity 
of tar,  making it dark  in colour. 

The oil then undergoes two agitations, each occupying  fifteen 
minutes, with, on each occasion, 2 per  cent. of its  bulk of brown 
oil of vitriol,  the  tar  being  drawn off on the contents of the  tank 
settling for three  to  six hours. 

These  agitating  tanks  are, if possible, placed a t  such  an 
elevation as will  enable  the  tar  to  run from them  to vessels, 
where it is further  dealt  with,  and  the  oil to  run  into  other 
agitators, where it is  treated  with a  solution of caustic soda, of a 
strength of 10' Twaddell. This  takes  up various other  tarry 
impurities of a different character, and neutralises the acid present. 
The  quantities used on the  two first occasions are respectively 
l per  cent. and 4 per cent. of the  bulk of the oil, and  the  time of 
agitation  in each case is one hour. The heavy refuse is allowed 
two  hours to separate from the oil, and on being  drawn off is 
heated up  in  another vessel. This  facilitates  the  further separa- 
tion of the oily matters from the watery, the former being returned 
to process, while  the  latter  are disposed of by evaporation. The 
third  agitation is with a 62" Twaddell solution, 2 3  per cent. 
being used, and the  time of agitation being two hours. Three 
hours  are allowed for settling,  when a liquid soda, diluted  to  about 
50° Twaddell, is first drawn off, and  after it a thick  tar, which, 
as it contains  a quantity of soda, is delivered into  tanks for its 
recovery. The oil is then washed for about five minutes with 6 per 
cent. of warm  water,  which  abstracts  any soda still retained  by 
it,  this soda being also afterwards recovered. To assist the  treat- 
ments, in both the acid and  the soda agitations,  the  temperature of 
the oil is kept  at  about 100" Fahrenheit  by means of coils of steam- 
pipes placed in  the tanks. 

The effect on the oil of this chemical treatment  is  to reduce its 
gravity  about 25', it being now  from €330' to  about 845O, and 
its bulk about 15 per cent., the  total loss so far being from 
20 to 25 per cent. on the crude oil. 

The  oil is next subjected to its first fractional  distillation in  
cylindrical boiler stills of a capacity of 4,000 gallons  (Plate 6, 
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Fig. 5). The  tar, from the acid treatment, is partly used as a 
fuel for these. It runs from a  pipe into B shallow tray placed 
over the furnace, where it is partially  burnt,  leaving a thick 
charred mass which is raked down  amongst the coals, and  is finally 
consumed with  them. 

After the more volatile  fractions  have passed over, the  distilla- 
tion  is assisted by a volumo of steam blown through a  perforated 
pipe placed in  the bottom of the  still,  and  as  the  temperature rises 
the  heavier  distillates come off. By an  arrangement  situated at. 
the  end of the condenser worms, the oils of such different gravities 
as  may  be desired, are separated, and delivered into  different 
receivers. The  relative specific gravities of thc portions SO 

fractionated,  are varied from time to  time to suit  the  requirements 
of the  manufacturer,  but  the following will  give a fair indication 
of the  general practice at  this stage. 

From  the  beginning of the  distillation  until  the specific gravity 
reaches 770°, the  distillate is set  apart for the production of 
naphtha.  The  portion from which the  burning oils are  principally 
obtained, ranges between the  gravities of 770” and 850°, this  being 
delivered to  that  part of the manufactory where it undergoes the 
second stage of purification. The  distillation is then continued 
until a depth of about 12 or 18 inches is left in  the boiler-still, 
a heavy oil which contains  as lnuch as 30 per  cent. of the less 
fusible or “hard ” paraffin scale being obtained. The  quantity 
remaining  in  the still is removed and  then  distilled  to dryness in 
separate cast-iron vessels, yielding about 50 per  cent. of an  oil 
which, on being mixed with  the ‘‘ green  liquor,” goes again  into 
process, the  remainder becoming coke. 

A  practice is common of recharging  the boiler-stills with fresh 
oil, after  the  burning oil  portion has been distilled off. Certa,in 
quantities of the  naphtha  and  burning  oil fractions, in such case, 
are a second time  brought off, and  the  distillation is then carried 
on to completion. This practice has  the effect of adding  to  the 
capabilities of the  distilling  plant,  and also saves  fuel, hut it is not 
believed to  maintain 80 perfect a uniformity of results  in  the 
distilling processes. 

(5 . )  Second stage of Purijication (Burning Oil portion).-The acid 
treatment  at  this  stago  having as its object the  extraction of tho 
less dense impurities, a nore thorough  agitation is desirable, and 
stronger  vitriol is used. Smaller tanks  are  generally adopted, and 
the oil is  twice  stirred,  with each time 3 per  cent. of its bulk of clear 
oil of vitriol (168’ Twaddell),  after  which,  in order to effect a 
thorough separation, twelve  to  eighteen  hours  are allowed for 
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settling.  The acid, along with  the  tarry  matters which have 
combined with it, is again used in  tho first or second agitatiorls 
in  the first stage of purification. 

The  alkali  treatment consists of two agitations, each time  with 
per cent. of caustic soda solution Twaddell,  the  watery 

refuse from which is disposed of by evaporation, and  an  agitation 
with l per cent. of a 62" (Twaddell) solution. The  dilute soda 
water  and  tar is, after  three hours' settling,  drawn off and delivered 
into  tanks for the recovery of the soda, as  in  the first  stage. 

The  oil  then undergoos its second fractional  distillation,  when 
naphtha is collected until 760' specific gravity is reached, burning 
oil from 760" to 850"; and, from 850" until  the .usual quantity 
is left  in  the boiler, the  distillate  is  an oil containing  about 
10 per cent. of the more fusible or  "soft" paraffin scale. As in 
the first stage, steam  is introduced, after  the  naphtha va.pours 
come off. 

A method of continuously  feeding the boiler with  fresh oil, SU' 
maintaining its contents a t  a constant level while  the  burning oil 
portion is coming off, is often  adopted, though i t  is open to  an 
objection similar  to  that mentioned regarding  the feed at  the 
first-stage distillation. I t ,  however, greatly expedites  operations, 
and saves fuel. The  quantities  left  in  the boilers after comple- 
+ion of the  distillation  are re-distilled in a separate vessel, and 
yield 5 to 10 per cent. of burning oil, and a heavy oil containing 
" soft " paraffin. 

(6.) Third stage of P,uriJication (Burning Oil  portion).-This, 
after  the former  distillation, receives a chemical treatment 
similar  to  the  last, except that  only  about  half  the  quantity of' 
clear  vitriol is used, the soda treatment  being precisely identical. 
The fractional distillation in  this case is with  the object of divid- 
ing  the  burning oil into  the different qualities required to meet 
the demands of the markets, and  is varied accordingly. Under 
ordinary circumstances the first of the  distillate, up to 790" specific 
gravity, is used for No. 2 burning oil; that  ranging from 790' t o  
806" is used as No. 1 burning  oil ; while  the  next  and  intermediate 
portion of the distillation, viz., from 806" to  820°, is secured for 
lighthouse  oil;  after which the  fraction  up  to 825" specific gravity 
is mixed with  the former  fraction as No. 1 burning oil ; and  that 
from 825" to 840" goes along  with  the former  fraction as No. 2 
burning oil. From 840" specific gravity  to  the end of the  distilla- 
tion  an  oil is obtained which contains a small proportion of 
paraffin, and from which  marine  oil is produced. 

(7.) Hurine Oil.-The last portion of the  distillate above-men- 
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tioned, after  the separation from it of the paraffin scale by a 
mcthod to be hereafter described, is twice  agitated, for fifteen 
minutes each  time, with 1 per  cent. of clear vitriol;  and  having 
been  likewise twice  stirred  with 1 per cent. of a caustic soda 
solution (10" Twaddell), it is again distilled. Paraffin oils of 
this  gravity (845") have a dark brown colour, which is objected 
to ; and it has been found, that  by placing in  the  stills,  along  with 
every 100  gallons of oil, about 16 lbs. of dry  caustic soda, the 
distillate obtains a much brighter  tint,  which is of a permanent 
character. This method is, therefore, very  generally adopted with 
all  heavy oils. The first fraction,  having a specific gravity of 
845", and of which  about 25 per  cent. is obtained, is marine oil; 
the  remaining portion of the  distillate being an oil of 865O specific 
gravity,  is disposed of as one of the  lubricating oils. 

The  distillation is continued to dryness, 15 per cent. remaining 
in  the  still  as a coke. This,  containing  the soda put  in  the still, 
and known as black soda ash, is placed in  the open air in  heaps, 
when it fires, and  the  tarry  matters  in it are consumed, the soda 
being afterwards recovered. 

(8.) Crystal OiZ.--No. 1 burning oil, after completion, is agitated, 
in a small  tank  containing 800 gallons, with from 2 to 3  per cent. 
of clear  oil of vitriol, for  from two  and a half  to  three minutes. 
After  settling for fifteen minutes, and  the  tar withdrawn-this being 
again used in  the first stage of purification-the oil is run,  along 
with a quantity of water,  in  the proportion of 3 of the former to 
1 of the  latter,  into  another  tank;  an  agitation  being  kept  up 
while  the  mixture is pouring  in. On its completion this  water is 
drawn off, and  fresh  water added, with which the  oil  is  agitated 
for  fifteen  minutes. On this  being  drawn off, it is stirred for half 
an hour  with 20 per cent. of its bulk of a  caustic soda solution of 
4' Twaddell, and is again twico  washed with  water  as before. In 
order to secure  satisfactory results  this  treatment  requires  to be 
carried  out  with  the  greatest  nicety  and care, and it has been 
found impracticable to deal with  other  than  small  quantities a t  
a time. Being placed in a  shallow tank  and  in a moderate  tem- 
perature,  say 60" to 70" Fahrenheit, it takes  twenty-four hours to 
fine, when it should  be  a bright  and almost colourless liquid. 

(9.) Naphtha rect$cation.-Two materials  have  to be dealt  with 
under  this heading ; one being  the crude  gasoline produced, either 
by means of the, coke tower  or  by pressure, from the gases evolved 
by  the  distillation of the shale, of 700"-715" gravity;  the  other 
being  the  light fractions from the  first  and second stage  distilla- 
tions, of 730°-7500 gravity.  Both receive similar chemical treat- 
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ment, viz., an  agitation first with 0.10 to 0 .20  per cent. of clear oil 
of vitriol for fifteen minutes, and second with 0 5 per  cent. of the 
same. After  settling for twelva  hours  the tar is drawn off,  am1 is 
again used in  the first stage purification. On being removed to 
another  tank  they  are  agitated  with 1 per cent. of caustic soda 
solution of 10" Twaddell,  and  are  again allowed to  settle for twelve 
hours. 

On the  distillation of the crude gasoline a  portion at  the bagin- 
ning  is separated until  the  gravity reaches 695", which is set  apart 
for re-distillation, the  remainder of the  distillate, of about 718"- 
720" gravity,  being  naphtha.  The  light  portion on being re- 
distilled yields finished gasoline of 640"-660" gravity,  and a pro- 
portion of naphtha of 700" gravity. 

The  distillation of the material, from the first and second stage 
purifications, is so fractionated as  to produce a naphtha for sale 
of 720" to 730" gravity; a quantity required for dissolving the 
paraffin scale in  the process of refining it of 750" gravity ; the re- 
mainder, of about 800" gravity,  being mixed with  the  burning 
oils before the  third  stage of purification. 

Naphtha distillation is conducted in vessels, containing 1,200 to 
1,500 gallons, by blowing  steam under a  pressure of 25 lbs. through 
it by a  perforated  pipe placed in  them. 

All  shale  naphthas, especially  those of the  lighter  gravities, 
have  a more or less offensive smell, and  various methods have 
been attempted  to lessen  this.  A method sometimes adopted is  by 
washing  it,  after completion, with 2 per  cent. of caustic soda 
solution of 62" Twaddell;  but it cannot  be said that  this is wholly 
effectual. 

(10.) Production of Hard" Para$in  Scale.-The separation of 
paraffin scale from the oil, is accomplished by  filtration  under 
pressure; and, in  the case of the softer scales, by a  previous 
artificial  refrigeration of the oil. 

" Hard " scale, having  an  average  melting  point of about 125" 
Fahrenheit, is extracted from the heavy oil obt,ained at  the end of 
the first stage of the  distillation.  Extensive  crystallization of this 
takes place, in  ordinary weather, in  the receiving tanks ; but  that 
portion remaining  liquid, or semi-liquid, is  run  into coarse canvas 
bags, each containing  about 4 gallons, which,  being tied  up a t  the 
neck, are  put  into a cylindrical vessel perforated with holes, 
5 feet 6 inches in diameter and 3 feet  high.  This, being placed 
on the  ram of an  hydraulic press, is moved against a  disk, which 
fits doscly  into it. The bags  being in  this  manner squeezed to a 
prwsure of about 25 Ibs. on each square  inch of their surface, the 
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oil is forced out  through  the canvas material  and  the holes in  t,he 
vessel, the paraffin crystals  remaining behind. 

I n  order to separate from the  crystals so formed as much of the 
remaining oil as  is practicable at  this stage, these  are  then placed in 
thin  layers between sheets of canvas and  iron plates, in  an  hydraulic 
press of suitable construction,  receiving  a  pressure of from 2 to 
3 cwt.  per  square incl1 of surface. The scale then being compara- 
tively denuded of oil, is put aside for refinement. 

(11.) Production of '' Soft " Parafin Scu1e.-The oil squeezed out 
from the " hard " scale, as above described, still contains paraffin, 
but of a melting  point of about 105" to llOo Fahrenheit.  The 
heavy oils obtained at  the end of the second and  third  stage of 
the  distillations also contain paraffin, of the  still lower melting 
p i n t s  of from 90" to ?OOo Fahrenheit. 

In order to effect the complete crystallization of the scale con- 
tained  in these, they  are reduced to  the lowest practical tempera- 
ture  by  artificial refrigeration. 

The importance of an effectual separation of the paraffin and  oil 
is a point which  has  not been fully apprcciated until recently. 
While a reduction of temperature  to 40" Fahrenheit was a t  one 
time  thought  to be sufficient for this purpose, it is now considered 
desirable to reduce the oil, on two  or  three  separate occasions, to 
18" or 20" Fahrenheit, in order  to effect the crystallization of the 
greatest practicable amount of the scale it contains.  Paraffin 
having a specific gravity of 810" only, and  the oil, with which it 
is incorporated,  a specific gravity of 860' to 890°, its  extraction 
tends to increase the  gravity of the  latter,  and  prevents  any ten- 
dency of the  oil  to thicken in  cold, so adding  materially  to its 
efficiency and  value ; while  the scale is, in  itself, one of the most 
valuable of the  shale products. 

The cooled mass, being placed in bags, is squeezed, and  the scale 
afterwards pressed, in  the same manner  as  has been described in 
the case of 'L hard" paraffin. The oil squeezed out is further 
purified, and  then becomes chiefly a lubricating oil. I t  is some- 
what  blue in colour, and is technically  known  as " Blue Oil." 

A more efEcient method of filtration  than  that of squeezing oil  out 
of canvas  bags  by  hydraulic pressure is now adopted. The oi1;after 
refrigeration, is by means of a pump forced, under a  pressure of GO to 
70 lbs. per  square  inch,  through a press containing a s:rios of thirty 
t o  forty  plates  arranged on a  frame.  These are 2 feet  square,  and 
are so constructed that when placed together  they form, between 
them, a  series of chambers, each  about l inch wide. The sides of 
these, being made of perforated  brass  plate, filterlng  materials 
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of close-woven cloth is placed oyer them.  The oil, passing into 
the chambers by  an orifice in  the  centre,  is forced through  the 
filtering  matcrial, which retains  the scale ; this  eventually com- 
pletely filling up the chamber, the separated  oil finding an  exit  by 
a small pipe placed between the chambers. The plates,  which are 
firmly screwed together  when  the  filter is at  work, are  taken apart; 
for  the  abstraction of the scale. The  advantages of the use of 
these principally consist in  the  opportunity  they afford for a more 
immediate  dealing with  the cooled oil,  in  greater cleanliness of 
working,  and  in a considerable saving of labour. 

The refrigeration of the  oil  is effecbed by  the circulation of cold 
brine  through a  series of revolving drums  (Plate 7, Figs. l, 2 and 3). 
They  turn on a  horizontal  axis, making  about one revolution per 
minute. Immediately below is placed a tray  or  trough,  into which 
oil is supplied;  the cooled surface of the  drum coming in contact 
with  this, a certain  quantity  adheres  to it, which is so cooled, and 
is scraped off by a fixed knife  after it has made one revolution, 
falling  into a  receptacle  prepared for it. Some difficulty is ex- 
perienced, with  this method of cooling, in  ensuring  the reduction 
of the oil to the required temperatures,  the speed of the revolution 
of the  drum  being  the only, and  far  from effective, method of 
regulating  this. 

But  by  the use of a fixed cylindrical vessel (Plate 7, Fig. 4) 
containing  about 200 gallons,  surrounded by a  chamber  a  few 
inches wide, efficiently protected on its outside by a  non-conducting 
material,  through which chamber the cold brinc  is made to circulate, 
this difficulty is colnpletely overcome, without  any appreciable loss 
of cooling power. The oil, as it is cooled, adheres  to  the inside 
surface of the vessels, and  is removed, by a set of scrapers working 
on  a vertical  shaft,  into t.he body of the  liquid,  until  the whole 
mass becomes of the  temperature desired. 

The  brine used is a  solution of chloride of calcium (37' Twaddell), 
this  material  being found to hare less  action on iron pipes than 
that made with chloride of sodium, and is otherwise quite efficient. 
It is cooled by means of refrigerating machines, those  found  most 
generally  eEcient  being  the  ether machines of  DiZessrs. Siddeley 
and Co., Liverpool. Machines capable of producing 5 tons and 
8 tons of ice per  day  are the sizes chiefly adopted. A vacuum of 
25 inches is  maintained in  the refrigerator for the evaporation of 
the  ether,  and a working pressure of 5 to 7 Ibs. is required for the 
condensation of the  ether vapour. In  the  ordinary  working of 
the  large sized machines, the brine, entering  the  refrigerator, 
after  having been through  thc cooling drums, is at.  about 15' to 
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20” Fahrenheit,  while  that  leaving is about 10” to 15” Fahrenheit, 
showing  an effective cooling of 5” during its passage, the  quantity 
circulated  being  about 3,500 gallons per hour. The  fuel consumed 
is equivalent  to 6 to 8 cwt. per ton of ice produced. The loss of 
ether,  which depends  much on the perfect tightness of every  part 
of the machine, does not exceed 30 to 40 per cent.  per  annum. 
Except  an  overhaul  twice a year,  these machines  work  continu- 
ously, without  giving  trouble  or  requiring more than  the  ordinary 
care  and  attention. On the presumption that  the cooling work 
done is equivalent  to  the production of 8 tons of ice per day, 
the cost of working  amounts  to  about SOS., or 35. 9d. per  ton of 
ice. 

Some quantity of ‘‘ soft” scale is mixed with  the  “hard ” 

paraffin, on its being refined, so as  to  adjust  the  melting  points 
of the refined paraffin to  the  requirements of purchasers. But 

soft ” paraffin is chiefly disposed of in  a crude or partially re- 
fined state  to  match  manufacturers, when, in  order to  facilitate 
the  separation from it of  a6 much  oil as practicable, it is pressed 
in  close chambers,  which are  heated  to 80” Fahrenheit  or  there- 
abouts. I n  some instances  certain  tarry substances are removed, 
and its colour much  improved by  treating  it,  after it has been 
liquefied by  heat,  with 18 per  cent. of clear oil of vitriol for three 
lninutes, followed by a treatment  with a weak solution of carbonate 
of soaa. It is, after  this, run into  shallow dishes, forming,  on 
cooling, circular cakes, which  are packed in  barrels for despatch. 

(12.) Refinement of Para$n.-The complete separation of all  oily 
matters from the  crude paraffin scale is accomplished by dissolving 
it, on three  separate occasions, in naphtha, followed each time 
by.pressure between  canvas  sheets in  an  hydraulic press. 

On  the  third  or  last occasion fresh  naphtha is used,  a quantity 
equal  to 25 per  cent.  being mixed with  the paraffin previously 
liquefied by  heat.  After its dissolution the paraffin is again 
crystallized by  being  either passed over a revolving  drum cooled 
by  water  at  the  ordinary  temperature,  and  similar  in construction 
to  the  drums  already described for  the  crystallization of soft 
paraffin, or by being  run  into  small  shallow vessels placed over 
one another in a suitable rack. It is then broken up into shallow 
layers,  and,  being placed in  canvas sheets and between the  plates 
of an  hydraulic press, receives a pressure of 2 t o  3 cwt.  per 
square  inch of surface:  various oily impurities, some proportion 
of the softer scale and  the  naphtha,  being so squeezed out. These 
6‘ squeezings ” are used for the dissolution of the scale on the second 
occasion, along  with such amount of fresh  naphtha  as  may  be 
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necessary, while  the " squeezings " from the second  occasion are 
again used on the first. 

After  this,  the squeezings '' contain considerable proportiond of 
oil  and scale, and  to  separate  these  they  are  distilled ; the firet 
portion of the  distillate  up  to 770° gravity being again used as 
naphtha, chiefly on the occasion of the second dissolution of the 
paraffn.  The residue left  in  the  still, consisting of a  heavy oil, 
is dealt with, for the  separation of the soft scale it contains, after 
methods similar  to those already  described;  after which it is 
returned  to go through  the  preliminary  stages of purification. 
The  separated scale, which is of a  low melting point, is  dealt  with 
according to  the  requirements of circumstances. Its abstraction 
from that which is in  course of being refined tends to  raise its 
melting  point 10' to 15' Fahrenheit.  The  naphtha, disappearing 
during these processes, is chiefly lost  by evaporation or leakage, 
and  amounts  to  as much  as 150 to 200 gallons  per ton of paraffin 
refined. 

The paraffin now assumes a dull  milky colour, and  retains a 
small proportion of naphtha  as  well  as  the disagreeable odour 
imparted from it. 

Its decolorisation and its deodorisation, therefore, still remain 
to  be accomplished. 

The  latter is the  first effected. The melted paraffin is placed 
in  a close iron vessel containing  about 800 gallons. A coil of 
steam-pipe  round the inside of this keeps the paraffin thoroughly 
liquid,  and a  perforated pipe is placed vertically in  the centre, 
through  which steam, a t  a  pressure of 20 lbs. per square  inch, is 
blown into  the paraffin for a space of forty-eight  to  sixty hours. 
For  the first three hours, the vapours being  impregnated  with 
naphtha  are  led  through a condenser, the  naphtha being recovered, 
but  they  afterwards pass freely into  the  air,  carrying  with  them 
all trace of naphtha odour. 

The decolorisation is accomplished by  agitation  with  animal 
charcoal,  which is finely powdered and  thoroughly dried before 
using. The paraffin is  run  into a pan, into  which is fitted a set of 
blades  revolving on a  horizontal shaft, by which means it is 
agitated for about one and a-half hour  with  the charcoal. The 
property of the substances, which go by  this name, to absorb 
colouring matter,  varies somewhat  remarkably. One quality, 
containing 60 per cent. of phosphates,  absorbs about its own 
weight of paraffin, but  has  only one-fourth the decolorising effect 
of another  quality, which  absorbs three  times its own weight 
of paraffin, but contains not more than 25 per cent. of phosphates. 
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The  quantities used, therefore, vary according to  the  quality of the 
material from 14 to 6 per cent. in  weight of the paraffin. 

After  agitation,  the charcoal is allowed to  settle  to  the bottom 
of the vessel, and  the paraffin is drawn off through Elters. These, 
being  merely for the purpose of separating  any  minute  particles 
of charcoal  held in suspension, consist of a cylinder of wire gauze, 
2 feet in  diameter,  round  which is placed a layer of coarse filter 
paper. On its passing through  this  the purification of the paraffin 
is conlplete, and it is  run  into moulds of a suitable size, whence it 
is taken for despatch. The charcoal, after use, is first agitated 
with  naphtha,  and  then  heated  in  retorts, for the  thorough 
abstraction of the  paraffin it contains, after  which it is packed in  
barrels  and disposed of for manure. 

(13.) Lubricating Oils.-"Blue  Oil," or  the oil pressed from the 
'' soft " paraffin scale, as before described, having specific gravities 
ranging from 870" to 880°, is prepared for sale  as  lubricating oil. 
After a preliminary treatment-which is in some cases, however, 
dispensed  with-with 14 per  cent.  clear oil of vitriol,  and  two 
agitations, each with l per cent. of caustic soda solution of 
10" Twaddle, the  oil is distilled in  horizontal  boiler stills, chiefly 
with  the object of separating from it the  lighter fraction of about 
860" gravity,  which is mixed with  the  burning  oil  at  the second 
stage of purification. The object in  this case being  to  abstract  as 
much of the  light  fraction as possible, and so to  leave a  residue of 
an increased specific gravity J this is believed to be most efficiently 
accomplished by  distillation  under a pressure of about 10 lbs. per 
square inch. This method abstracts from the distilling mass the 
more volatile  hydro-carbons, leaving behind the  heavier  material, 
which,  as  the  distillation continues, becomes denser, while  the 
distillate  itself does not increase in  gravity. 

Experiments  have been made which show that from the same 
oil, with  the  ordinary method of distillation, assisted by a jet of 
steam,  only 26 per cent. of heavy lubricating  oil  is obtained, while 
by  distillation  under pressure 53 per cent. of a similar  material 
is secured. The  light fraction, amounting  to 74 per  cent.  in  the 
former case, is of a high  gravity,  and  only a small portion becomes 
burning oil, the remainder  going as intermediate oil, which is a 
product of less commercial value. But  by  the  latter system the 
light  fraction,  amounting  to 47 per cent., is composed of about 
equal  quantities of burning  oil  and  intermediate oil. This system, 
therefore, in  adding  to  the production of heavy lubricating oil, and 
burning oil, which  are  the products having  the readiest sale, is 
apparently  the most  advantageous, but its mode of action is a 
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question of some scientific doubt, and  its efficiency is stoutly 
denied in  many  quarters. 

The  heavy portion left  as a  residue in  the boiler-stills, is finished 
as lubricating oil. It is first distilled  in cast-iron  pot-bottomed 
stills,  into  which  16 Ibs. of dry  caustic soda to  every 100 gallons 
of oil  are placed. This, as has already been mentioned,  tends to 
add  to  the  brightness of the oil, and  to cause the colour to  be more 
permanent,  and i t  is believed further  tends  to increase the  gravity 
of the  distillate.  By  the use of a plentiful volume of steam blown 
into  the  distilling oil through perforations in a coiled pipe, and  by 
conducting the  distillation  as  rapidly  as possible, an increase of 
viscosity is believed to be  obtained, as also  a larger proportion of 
oils of heavier  gravity.  The  distillate  is fraction.ated to  suit  the 
demands of purchasers; t,he different gravities separated are 
generally 865",  875",  885", 890°, the heaviest  fetching  the  highest 
prices. 

These  are  then placed in tanks, where, in order to remove as 
much of the  strong odour attached  to  them  as possible, steam is 
blown through  them for periods varying from twelve  to  thirty-six 
hours, the  vapours coming off being passed through condensers. 

Being  then  run  into  shallow  tanks,  the  oil  is cooled to  the tem- 
perature of the  air,  and,  in  order  to  extract  any scale which may 
yet be combined with it, it is refrigerated  and pressed, precisely 
as has been formerly  explained, this being in some circumstances, 
done  twice  over;  after which it receives a final  acid-and-alkali 
treatment,  the oil of 885'4390' specific gravity being  washed twice, 
each time for four  minutes,  with 3 per cent.  clear oil of vitriol; 
that of 875" gravity  with 1 . 5  per cent,,  and  that of  865' with 
1 per  cent. ; this being followed by  an  agitation for two minutes, 
with a  caustic soda solution of 10" Twaddell ; the  quantities being, 
for 885"-890" specific gravity, 10 per  cent. ; for 875" gravity, 6 per 
ceEt.; and for 865' gravity, 4 per.cent.  The oils are  then  well 
agitated  with  hot  water,  which removes any  remaining soda, and 
are subsequently removed to  tanks  containing 3,000 gallons  each, 
placed in a room kept a t  a constant  temperature of 90" Fahrenheit, 
in order to fine or settle,  this  generally occupying eight  to  ten 
days. They should then be of a bright yellow colour;  great 
importance being  attached  by purchasers to  the  lightness of the 
shade. The colour is sometimes improved by  the  oil being placed 
in  tanks  under a glass roof, the  light  serving  to bleach or 
brighten it. 

The  tar  brought  away  by  these acid treatments is of an extremely 
thick and unmanageable  character,  and  requires to  be removed to 
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the furnaces, where it is consumed soon after its separation, owing 
to its liability t o  consolidate. The oil and  water  impurities which 
come way  after  the soda treatments have their  separation  facili- 
tated  by  the addition of 2 per  cent. of common salt,  and  by  heat; 
the  oil  being re-distilled and  thc  impure  water evaporated. 

The oily matters  in  the coke which  remains  in  the  stills  are, 
as has been described in  the  distillation of marine oil, consumed 
in  the open air,  and  the soda in  i t  is then recovered. 

(14.) Acid Tar.-With the exception of the  tar, from the  treat- 
ment of the  lubricating oils and soft paraffin, which is directly 
consumed in furnaces, that from the  other acid treatments is 
eventually  run  into  tanks ancl heated by steam-pipes to  about 
150" to 200O Fahrenheit.  By being maintained at  this  tempera- 
ture for twelve  to eighteen  hours, the precipitation of a consider- 
able  quantity of dilute acid is effected; that portion of sufficient 
strength  being re-used in  the preliminary  stages of purification, 
or,  in some instances, for  the production of sulphate of ammonia; 
and  that portion too dilute for any purpose  being  evaporated with 
other  impure  water. 

Some quantity of the  tar is  a t  times disposed of, the acid water 
being  then more thoroughly  separated  by  blowing  through  the 
mass a  considerable  volume of steam, followed by a lengthened 
period for settlement. In some cases the  remaining acid is neutral- 
ised by mixing  with  the  tar  certain proportions of lime. Some 
quantity of the  tar  being consumed as fuel  in  the furnaces of the 
oil-boiler stills,  the  remainder is consumed in  evaporating  the 
water  rendered  impure  during  the various stages of manufacture. 
The avoidance of the pollution of neighbouring  streams  renders 
the diRposal of a large  quantity of water in this  way imperative. 
The  tar is fired in a  shallow  bed, the heated gases passing close 
over  a tank 40 feet long 7 feet 6 inches  wide by 2 feet 3 inches 
dcop, containing  the  polluted  water  which  in  time fills up  with 
sludge. The consumption of 1 gallon of tar suffices by  such means 
to  evaporate 4 gallons of water. 

(15.) Recovery of Soda and Production of Green Oil.-The tar 
from the final soda agitation  in each of the  three stages of 
purification having been allowed to  settle  in a vessel, a heavy 
liquor  falls to the bottom. This, on its being boiled down until  its 
strength reaches 60" to 62" Twaddell, is re-used, principally a t   the  
first  stage of purification. The  supernatant  tar is passed down 
through a  series of perforated plates,  fitted  in a tower  about 
20 feet high,  being  met on its passage by a volume of carbonic 
acid gas from a coke furnace. This process sets  free  the carbolic 
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acid and  other  tars,  and a few hours allowed for settling serves to 
effect their complete separation from the  dilute soda solution. 

The  tar being then  distilled  to  dryness,  the product,  green oil, 
is obtained, about 25 gallons being produced from 1 ton of tar. 
Green oil is, before despatch, steamed for twenty-four hours, to 
carry off naphtha vapours, so increasing  its viscosity, and  raising 
its flashing point;  this  being of advantage for a purpose to which 
it is sometimes put, viz., grease-making. Acid tar is in some 
cases distilled for the production of this  oil;  but  until some 
new outlet be obtained  for it, its value on the  market does not 
warrant its production in  larger  quantities  than is necessary. 

The separated soda liquid is run into a shallow iron vessel, 
heated  by a powerful furnace, and is evaporated to  dryness, 
forming a soda ash. This,  along  with  the coke obtained  from 
the green oil stills, and  that from the  lubricating  and  marine oil 
stills, is dissolved in vats  containing  tepid  water.  The solution is 
then causticised by stirring  with quicklime, and  is  afterwards 
boiled down to  a strength of 60" Twaddell for further use. 

This method of recovering soda after it had been used in  the 
treatment of paraffin oil  was devised by Mr. Galletly, a  chemist, in 
the employment of Young's Paraffin Company. By its means about 
50 per cent. of the soda used is recovered, a t  a cost of about 38. per 
cwt., as  against 10s. per cwt., the cost of new caustic soda. Of 
the 50 per  cent. of soda which  is lost,  a large  portion becomes so 
dilute as to  render its recovery unremunerative,  and it is dealt 
with in the  tar furnaces. 

In some establishments  sulphate of soda is produced by a mixture 
of the acid and soda tars;  but  this method occasions much  waste, 
and  the product is one of comparatively  little value. 

(16.) Storage and Despatch of Oil.-Owing t o  the  principal 
demand for paraffin oils being  during  the  winter months, large 
storage accommodation is necessary for  the production of the 
other  part of the  year.  This is generally afforded by malleable 
iron  tanks of from 50,000 to 100,000 gallons  capacity. The 
oil is known to  have a rapid action on certain  metals; hence 
care  must be used in  the  material of which either  storage  tanks, 
or the vessels in  which it is despatched, are constructed. While 
tin, copper, and  iron  are  but  slightly affected, and  may be used 
without  great  danger, lead, zinc, or galvanised iron  must be 
avoided. A few days form  a sufficient period  for the  oil  to dissolve 
SO much of these metals  as  will render it muddy in appearance, and 
useless as  an  illuminant.  This action is not due  to  the presence 
of ally  tarry 8,cids 01' other  impnrities in the oil, and it has been 
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discovered that different oils, practically free from acids or alkalies, 
have various powers of chemical action. 

While  the oil is occasionally despatched in  drums or tins con- 
taining 5 or 10 gallons, the vessels chiefly used are barrels of about 
40 gallons  capacity,  which  have  brought petroleum to  this  country 
from America. To  render  them  perfectly  tight, a quandity of 
melted glue  is  run  into t.hem, which by skilful  handling is made 
to  spread  itself over their  interior surface, the  surplus  being 
allowed to  drain  out at the bunghole. After  the  glue is sufficiently 
hard,  the cask is ready for filling. This  is accomplished by means 
of suitable cocks on  pipes which  are  in connection with  the  storage 
tanks.  The oil expands or contracts 0.44 per  cent. of its bulk for 
every 10' rise  or  fall of temperature above or below 60" Fahrenheit, 
and  due allowance is required  to  be made  for this  when  filling it 
into vessels. The  barrels  are weighed as  they  are filled, and their 
capacity calculated from  the specific gravity of the oil. I n  
many  establishments  the capabilities for despatch reach  as high as 
one thousand  barrels  per  day,  these  requiring a train of fifty t o  
sixty  ordinary goods wagons to  take  them  away. 

In   the  foregoing  description of the processes of manufacture no 
attempt  has been made to  explain  the chemical principles  involved. 
The aim has been simply  to describe the visible  methods employed, 
and  the mechanical  means by which  these are carried out;  that 
information  having been obtained during some years of active 
management of one of the most extensive  establishments  in  the 
country. 

It may  be added, that  opportunities for obvious improvements in  
the processes still present themselves in  almost every  department. 
Kotwithstanding  recent changes,  improvements yet remain to  be 
effected in  the distillation of the shale. The  relative  merits of the 
use of steam and of pressure during  distillation,  are  not  thoroughly 
understood or decided. The  relation between  viscosity and  gravity 
is still undefined. The method for the  separation of paraffin scale 
from the  oil is capable of much  amendment;  while  the system 
adopted for refining  paraffin is cumbrous and costly. 

The  Paper  is  illustrated by several  drawings, from which Plates 
6 and 7 have been prepared. 

[DISCUSION. 
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